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ABSTRACT AND LIST OF KEY WORDS 


This document presents the postflight trajectory for the 
Apollo/Saturn V AS-511 flight. Included is an analysis 

of the orbital and powered flight trajectories of the 
launch vehicle and the free flight trajectories of the 
expended S-IC and S-II stages. Trajectory dependent para- 
meters are provided in earth-fixed launch site, launch 
vehicle navigation, and geographic polar coordinate - 
systems. The time history of the trajectory parameters 

for the launch vehicle is presented from guidance reference 
release to Command Service Module (CSM) separation. 


Tables of significant parameters at engine cutoff, stage 
separation, parking orbit insertion, and translunar injec- 
tion are included in this document. Figures of such 
parameters as altitude, surface and cross range, and the 
magnitude of total velocity and acceleration as a function 
of range time for the powered flight trajectories are 
presented. 


Apollo/Saturn V 

AS-511 

Postflight Trajectory 
Powered Flight Trajectory 
Orbital Trajectory 

Spent Stage Trajectory 
Apollo 16 
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GLOSSARY OF TERMS 


Altitude The distance between the vehicle 
and its subvehicle point on the 
surface of the Fischer Ellipsoid. 


Ascent Phase The segment of the vehicle flight 
from launch to parking orbit 
insertion. . 

Azimuth Angle The angle, positive clockwise, 


from true north to the projection 
of the slant range vector on the 
ground station tangent plane 
(PACSS3a). 


Cross Range The vehicle lateral position 
measured in the earth-fixed launch 
site centered coordinate system 
(PACSS10). 


Dynamic Pressure The force per unit area of the 
atmosphere on the vehicle resulting 
from its motion through the atmos- 
phere. 


Elevation Angle The angle between the slant range 
vector and its projection on the 
ground station tangent plane. This 
angle is positive above the ground 
station tangent plane (PACSS3a). 


Flight Path Angle The angle between the vehicle space- 
fixed velocity vector and a plane 
normal to a vector from the center 
of the earth to the vehicle. This 
angle is positive above the plane. 


Inertial Acceleration The magnitude of the vehicle 
acceleration in the launch vehicle 
platform accelerometer coordinate 
system (PACSS12). 


Latitude (geodetic) The angle between the equatorial 
plane and the line normal to the 
ellipsoidal surface at a specified 
point, measured positive north in 
the meridian of the point. 
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GLOSSARY OF TERMS (Continued) 


Longitude 


Mach Number 


Measured Parameter 


Parking Orbit Phase 


Second Burn Phase 


Slant Range 


Slant Range Rate 


Space-Fixed Velocity 


Subvehicle Point 


Surface Range 


Translunar Orbit Phase 


The angle between the plane of the 
Greenwich Meridian and the plane 

of the meridian containing the 
specified point measured positive 
eastward from the Greenwich Meridian. 


The ratio of the vehicle velocity 
relative to the surrounding atmos- 
phere to the speed of sound in the 
atmosphere. 


A primary measurement made by any 
ground station, e.g., elevation 
angle. 


The segment of the vehicle flight 
from parking orbit insertion to 
S-IVB restart preparation. 


The segment of the vehicle flight 
from S-IVB restart preparation to 
TLI. 


The distance between a ground 
station and the vehicle (PACSS3a, 
PACSS3c, and PACSS3d). 


The velocity of the vehicle along 
a vector from the ground station 
to the vehicle (PACSS3c and PACSS3d). 


The magnitude of the vehicle 
velocity in the launch vehicle 
navigation coordinate system 
(PACSS13). 


The point of intersection of the 
ellipsoidal surface and a line 
normal to this surface passing 
through the vehicle center of mass. 


The arc length between the launch 
site and subvehicle point measured 
along the surface of the Fischer 
Ellipsoid. 


The segment of the vehicle flight 
from TLI to CSM separation. 
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GLOSSARY OF TERMS (Continued) 


X-Angle 


Y-Angle 


30' Antennas ~- The angle measured 
in the plane of the ground station 
prime vertical from the zenith to 
the projection of the slant range 
vector onto this plane, positive 
eastward. (PACSS3c) 

85' Antennas - The angle measured 
in the meridian plane of the 
ground station from the zenith to 
the projection of the slant range 
vector onto this plane, positive 
southward. (PACSS3d) 


30' Antennas - The angle between 
the slant range vector and its 
projection onto the plane of the 
ground station prime vertical, 
positive when the slant range 
vector is north of the plane. 
(PACSS3c) 

85' Antennas - The angle between 
the slant range vector and its 
projection onto the meridian plane 
of the radar site, positive when 
the slant range vector is east of 
the meridian plane. (PACSS3d) 
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SECTION 1 


SUMMARY AND INTRODUCTION 


The Apollo Saturn V AS-511 vehicle was launched from Launch 
Complex 39, Pad A, at the Kennedy Space Center on April 16, 
1972, at 12:54:00 P.M. Eastern Standard Time (Range Time 
zero) at an azimuth of 90 degrees east of north. Guidance 
Reference Release (GRR) occurred at -16.963 seconds. First 
motion occurred at 0.3 second. A roll maneuver was 
initiated at 12.7 seconds to place the vehicle on a flight 
azimuth of 72.034 degrees east of north. 


All trajectory parameters were close to nominal from liftoff 
to parking orbit insertion. The vehicle was inserted into 
parking orbit at 716.21 seconds at an altitude of 172.9 km 
(93.4 nmi) and a total space-fixed velocity of 7,804.7 m/s 
(25,606.0 ft/s). The vehicle remained in orbit for approxi- 
mately one and one-half revolutions. The S-IVB stage was 
restarted during the second revolution over Australia at 
9,216.5 seconds. 


At 9,568.42 seconds, the vehicle was injected into a near- 
nominal translunar trajectory at an altitude of 317.1 km 
(171.2 nmi) and a total space-fixed velocity of 10,840.5 m/s 
(35,565.9 ft/s). At 11,099.0 seconds, the CSM separated 

from the launch vehicle at an altitude of 7,167.9 km 

(3,870.4 nmi) and a total space-fixed velocity of 7,566.6 m/s 
(24,824.8 ft/s). 


The impact location of the spent S-IC stage was determined 

to be 30.207 degrees north latitude and 74.147 degrees west 
longitude at 547.1 seconds. The impact location of the 

spent S-II stage was determined to be 31.726 degrees north 
latitude and 35.990 degrees west longitude at 1,202.4 seconds. 


A more detailed description of the postflight mass point 
launch vehicle trajectory and launch parameters is given in 
Section 2, The trajectory is divided into the following 
phases, each discussed in a separate subsection of Section 2: 


a. Ascent (guidance reference release to parking orbit 


insertion) 

b. Parking orbit (orbit insertion to S-IVB restart 
preparation) 

c. Second burn (S-IVB restart preparation to translunar 
injection) ; 


d. Translunar orbit (translunar injection to CSM separation) 
e. Free flight (expended S-IC and S-II stages) 
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SECTION 1 (Continued) 


The trajectories for the first four of the above phases were 
established from external C-band radar and S-band tracking 
data and ST-124M inertial platform onboard telemetered 
guidance velocity data. Since no tracking data were avail- 
able for the S-IC and S-II spent stages, the trajectory 
phases outlined in (e) above were simulated using actual 
separation conditions and nominal drag and retrorocket 
performance data. 


Section 3 contains a description of the trajectory 
reconstruction methods, a summary of the tracking data used 
in the analysis with the resulting residual plots, and an 
estimate of the uncertainty in the reconstructed trajectory. 


Appendix A provides a definition of the symbols, nomencla- 
ture, and coordinate systems used in the report. Appendix B 
is a tabular history of selected trajectory parameters in 
metric units. Appendix C presents the same parameters 
expressed in English units. 
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SECTION 2 


TRAJECTORY DESCRIPTION 


This section describes the reconstructed trajectory, 
referenced to the Instrument Unit (IU), by providing plotted 
histories of pertinent variables and tables of important 
parameters at significant event times. The complete time 
history of selected Observed Mass Point Trajectory. (OMPT) 
parameters, in both metric and English units, is tabulated 
in Appendices B and C, respectively. These tabulations are 
given in accordance with "Project Apollo Coordinate System 
Standards" (PACSS, Reference 1) and are in earth-fixed 
launch site (PACSS10), launch vehicle navigation (PACSS13), 
and geographic polar (PACSS1) coordinate systems. For 
convenience, these systems are described in Appendix A along 
with a definition of other terms and symbols used. 


A comparison of actual and nominal times for significant 
flight events is presented in Table 2-I. The actual 

times for these events are taken from Reference 2. The 
nominal data and times are taken from Reference 3. Range 
time, which is referenced to Range Time Zero, is used through- 
out this documentation unless otherwise specified. Range 

Time Zero was established at 17:54:00 Greenwich Mean Time on 
April 16, 1972. 


The Fischer Ellipsoid of 1960 (Reference 4) is used as the 
representative model for the earth and its gravitational 
field. All latitude and longitude coordinates are defined 
with respect to this ellipsoid. 


The geographic coordinates for Launch Complex 39, Pad A, at 
the Kennedy Space Center are as follows: 


Geodetic Latitude 28.608422 degrees north 
Longitude 80.604133 degrees west 


The height of the Instrument Unit of the launch vehicle 
above the reference ellipsoid is 111.65m (366.31 ft). 


The azimuth alignments are as follows: 


Launch Azimuth 90.0 degrees east of north 

Flight Azimuth 72.034 degrees east of north 

ST-124M Platform 72.035 degrees east of north 
Azimuth 


The flight azimuth, dependent on the launch time, launch. day 
and month, is calculated using polynomial coefficients taken 
from the guidance presettings in order to achieve the desired 


2k 
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SECTION 2 (Continued) 


translunar targeting parameters. The translunar targeting 
parameters are functions of the moon position, earth 
parking orbit inclination, earth-moon distance, and moon 
travel rate. 


2.1 ASCENT PHASE 


The trajectory parameters from guidance reference release 

to parking orbit insertion were close to nominal. The 
space-fixed velocity and altitude at S-IC OECO were 10.5 

m/s (34.5 ft/s) and 0.8 km (0.4 nmi) less than nominal, 
respectively. At S-II OECO, the space-fixed velocity and 
altitude were 4.7 m/s (15.4 ft/s) and 0.2 km (0.1 nmi) less 
than nominal. The altitude was nominal, and the space-fixed 
velocity was 0.4 m/s (1.3 ft/s) greater than nominal at 

S-IVB first guidance cutoff signal. The maximum acceleration 
was 37.46 m/s2 (3.82g) during the S-IC phase. 


Significant trajectory events, such as Mach 1, maximum 
acceleration, etc., are tabulated in Table 2-II. Trajectory 
parameters at engine cutoff times are presented in Table 
2-III. Table 2-IV shows trajectory parameters at stage 
separation times. 


To supplement these tabulations at discrete times, a number 
of quantities are plotted over the entire ascent phase. 
Figure 2-1 shows the vehicle ground track and the location 
of the tracking stations used in the reconstruction. 
Altitude, surface range, and cross range are plotted versus 
time in Figures 2-2 through 2-4, respectively. Space-fixed 
velocity and flight path angle are shown in Figure 2-5. 
Figure 2-6 gives total inertial acceleration. Dynamic 
pressure and mach number are plotted in Figure 2-7. The 
ascent phase trajectory is tabulated in Tables B-I through 
B-III in metric units, and in Tables C-I through C-III in 
English units. 


2e2 PARKING ORBIT PHASE 


The parking orbit spans the interval from insertion to S-IVB 
restart preparation at 8,638.6 seconds. Figure 2-8 gives 
the vehicle ground track following parking orbit insertion 
(POI) and shows the vehicle position at significant event 
times (see Table 2-I). 


The S-IVB/LM/CSM was inserted into a near circular earth 
parking orbit (EPO) at 716.21 seconds, 0.72 second later than 
nominal, The parking orbit insertion conditions were close to 
nominal. Table 2-V gives the actual parking orbit insertion 
conditions and provides a comparison with the nominal values. 


2-2 
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2.2 (Continued) 


During the parking orbit, no major thrusting occurred; 
however, the orbit was continuously perturbed by low-level 
LH2 venting. The small perturbation was considered in this 
analysis. An acceleration model was built from telemetered 
guidance velocity data from the ST-124M guidance platform. 
The guidance velocity data were fitted in segments by 
polynomials in time. The polynomials were analytically 
differentiated to model the component accelerations sensed 
by the guidance platform. Table 2-VI lists the acceleration 
polynomials derived by this method. Figure 2-9 reflects the 
best estimate of the total parking orbit acceleration (rss 
of components) after modeling biases have been removed. 


The parking orbit phase is tabulated in Table B-IV in metric 
units and in Table C-IV in English units. 


2.3 SECOND BURN PHASE 


The second burn trajectory phase spans the interval from 
S-IVB restart preparation at 8,638.6 seconds to translunar 
injection. The S-IVB stage was restarted 0.6 second later 
than nominal at 9,216.5 seconds on the second pass over 
Australia (see Table 2-I for significant event times). 

The vehicle ground track during this trajectory phase is 
shown in Figure 2-8 as a continuation of the parking orbit 
phase. Vehicle altitude is plotted in Figure 2-10. Figure 
2-11 shows the space-fixed velocity and the flight path 
angle. Total inertial acceleration is shown in Figure 2-12. 


The second guidance cutoff signal conditions, depicted in 
Table 2-III, were near nominal. Cutoff occurred 1.78 seconds 
earlier than nominal with the altitude 1.6 km (0.9 nmi) less 
than nominal, the space-fixed velocity 1.6 m/s (5.2 ft/s) 
greater than nominal, and the flight path angle 0.154 degree 
less than nominal. 


The second burn phase is tabulated in Tables B-V through 
B-VII in metric units and Tables C-V through C-VII in English 
units. 


2.4 TRANSLUNAR ORBIT PHASE 

The translunar orbit phase spans the interval from injection 
to S-IVB/CSM separation. Figure 2-8 shows the ground track 
continued through this trajectory phase. 

Translunar injection occurred at 9,568.42 seconds, 1.78 


seconds earlier than nominal (see Table 2-I). The translunar 
injection conditions were close to nominal. Table 2-VII 
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2.4 (Continued) 


gives the actual translunar orbit injection conditions and 
provides a comparison with the nominal values. 


Accelerations during the period between translunar injection 
and CSM separation were treated as in parking orbit, 
representing them as segmented polynomials. Table 2-VIII 
lists these polynomial coefficients and time spans. The 
best estimate of the total translunar orbit acceleration 
(rss of components) after modeling biases have been removed 
is plotted in Figure 2-13. 


Trajectory parameters at CSM separation (defined as the end 
of the launch vehicle trajectory) are listed in Table 2-IxX, 
The translunar orbit phase is tabulated in Tables B-V 
through B-VII in metric units and Tables C-V through C-VII 
in English units. 


262 FREE FLIGHT PHASES 


Postflight predictions of earth surface impact parameters 
for the spent S-IC and S-II stages were computed using a 
mass point trajectory simulation computer program. S-IC and 
S-II postflight separation position and velocity data were 
combined with nominal main propulsion system decay perfor- 
mance and nominal retrorocket performance to initialize the 
simulation program, 


2.5.1 S-IC Spent Stage Trajectory 


Three separate theoretical trajectories were computed for 
the spent S-IC stage. These three trajectories represent 
the following booster atmospheric entry conditions: 


a. Zero-degree angle-of-attack entry 
b. Ninety-degree angle-of-attack entry 
c. Tumbling entry 


The tumbling booster case is considered to define actual case 
impact conditions although no tracking coverage was, available 
for confirmation. 

Results of the three computed S-IC spent stage trajectories 
are summarized in Table 2-X. The ground track is shown in 
Figure 2-14, 

26502 S-II Spent Stage Trajectory 


Three separate theoretical trajectories, corresponding to 
the zero-degree, ninety-degree, and tumbling-case trajec- 


2-4. 
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2,542 (Continued) 


tories computed for the S-IC stage, were computed for the 
spent S-II stage. 


The computed results, assuming a tumbling stage, were 
considered to define stage impact conditions since no track- 
ing coverage of the spent S-II stage was available. 


Results of the three computed S-II spent stage trajectories 
are summarized in Table 2-XI. The ground track is shown in 
Figure 2-14, ; 
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TABLE 2-1. TIMES OF SIGNIFICANT EVENTS 


EVENT ACTUAL NOMINAL ACT- NOM 


Guidance Reference Release -16.963 -16.990 
| First Motion 0.3 0.3 
| Start of Timebase 1 0.6 0.7 
| Mach 1 67.5 67.1 
Maximum Dynamic Pressure 86.0 81.9 
S-I¢€ Center Engine Cutoff 137.85 137.96 
S-IC Outboard Engine Cutoff 161.78 162.09 
S-I1C/S-I1I Separation Command 163.5 163.8 
S-II Center Engine Cutoff 461.77 462.10 
S-II Outboard Engine Cutoff 559.54 559.21 
S-1I/S-IVB Separation Command 560.5 560.2 
S-IVB First Guidance Cutoff 706.21 705.49 
Parking Orbit Insertion 716.21 715.49 


Begin S-IVB Restart Prepara- 8,638.6 8,637.9 
tions 


S-IVB Engine Reignition 9,216.5 9,215.9 
(STDV Open) 


S-IVB Second Guidance Cutoff 9,558.42 9,560.20 


| Translunar Injection 9,568.42 9,570.20 





CSM Separation (Initial) 11,099.0 11,060.4 
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TABLE 2-11. SIGNIFICANT TRAJECTORY PARAMETERS 


EVENT PARAMETER VALUE 


First Motion Range Time, sec 0.3 


Total Inertial Acceleration, m/s’ 10.58 
(ft/s°) eu 
(g) (1.08 


Range Time, sec 67.5 


Altitude 


km : 7.9 
tn mi) (4.3) 


Maximum Dynamic Pressure Range Time, sec 86.0 


Dynamic Pressure, N/em?, 3.47 
(Ibf/Fft*) (724.7) 


Maximum Total Inertial 
Acceleration: S-IC 


S-IVB First Burn 


S-IVB Second Burn 


Maximum Earth-Fixed 
Velocity: 


S-IVB First Burn 


S-IVB Second Burn 


Altitude, km 
(n mi) 


Range Time, sec 


Acceleration, m/s5 
(ft/s 
(g 


Range Time, sec 


SENET OE TRD) nse, 


ft/s 
(g) 


Range Time, sec 


Acceleration [$5 
ttt/s?) 
(g) 


Range Time, sec 


Acceleration, m/s 
(ft/s°) 


(g) 


Range Time, sec 


sented ee) 
ft/s 


Range Time, sec 


m/s 
tft/s) 


Range Time, sec 


Velocity 


MSEOE RSA re 
ft/s 


Range Time, sec 


ia re 
t/s 


14.4 
(7.8) 
161.78 
37.46 
eee 
(3.82 
461.77 
17.07 
(56.00 
(1.74 
706.21 
6.58 
(21.59 
(0.67 
9,558.42 
13.91 
(45.64 
(1.42 
162.5 


2,371.2 
(7,779.5) 


560.0 


6,568.7 
(21,550.9) 


716.21 


7,402.4 
(24,286.1) 


9,560.0 


10,445.2 
(34,269.0) 
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TABLE 2-V. PARKING ORBIT INSERTION CONDITIONS AND 
COMPARISONS 


PARAMETER ACTUAL NOMINAL ACT-NOM 


Range Time, sec 716.21 715.49 


Altitude, km 172.9 172.9 
(n mi) (93.4) (93.4) 


Space-Fixed Velocity, m/s 7,804.7 7,804.2 
(ft/s) (25,606.0) (25,604.3) 


Flight Path Angle, deg 0.001 0.000 
Heading Angle, deg 88.932 88.907 
Inclination, deg 32.542 32.542 
Descending Node, deg 123.123 123.138 
Eccentricity 0.0002 0.0000 


Apogee*, km 169.1 167.1 
(n mi) (91.3) (90.2) 


Perigee*, km 166.7 166.7 
(n mi) (90.0) (90.0) 


Period, min 87.85 87.83 


Geodetic Latitude, deg N 32.696 . 32.696 


Longitude, deg E ~52.530 -52.558 





NOTE: Times used are vehicle times. 
*Based on a spherical earth of radius 6,378.165 km (3,443.934 n mi). 
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TABLE 2-I1X. CSM SEPARATION CONDITIONS 


PARAMETER VALUE 


Range Time, sec 11,099.0 












Altitude, km 


7,167.9 
(n mi) 


(3,870.4) 









| Space Fixed Velocity, m/s 
(ft/s) 


7,566.6 
(24,824.8) 













| Flight Path Angle, deg 45.397 





Heading Angle, deg 69.807 





Geodetic Latitude, deg N 26.101 





Longitude, deg E -134,562 
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TABLE 2-X. S-IC SPENT STAGE TRAJECTORY PARAMETERS 


EVENT PARAMETER 


Impact: Tumbling Case Range Time, sec 



















547.136 | 







Latitude, deg N 30.207 
Longitude, deg W 74.147 
Surface Range, km 651.2 

(n mi) (351.6) 























Impact: 0° Angle-of- 
Attack 


Range Time, sec 
Latitude, deg N 
Longitude, deg W 

Surface Range, km 
(n mi) 


506.425 
30.226 
74.056 

660.2 | 

(356.5) 














581.669 









Impact: 90° Angle-of- Range Time, sec 

















Latitude, deg N 30.194 

Londitude, deg W 74.209 

Surface Range, km 645.0 | 
(n mt) (348.3) 








Apex: Tumbling Case Range Time, sec 
Altitude, km 

(n mi) 
Surface Range, km 
(n mi) 
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TABLE 2-XI. S-II SPENT STAGE TRAJECTORY PARAMETERS 


EVENT PARAMETER 


Impact: Tumbling Case Range Time, sec 
Latitude, deg N 
Longitude, deg W 
Surface Range, km 
(n mi) 























1,202,390 
31.726 
35.990 

4,281.9 

(2,312.0) 























Impact: 0° Angle-of- Range Time, sec 1,168,565 
Attack Latitude, deg N 31,688 
Longitude, deg W 35.702 

4,309.6 


Surface npn km 


n mi) (2,327.0) 


1,241,504 










Range Time, sec 
Latitude, deg N 
Longitude, deg W 
Surface Range, km 
tn mi) 


Impact: 90° Angle-of- 
Attack 
















4,253.5 
(2,296.7) 
























Apex: Tumbling Case Range Time, sec §84.122 
Altitude, km 173.6 

(93.7) 

Surface Range 1,812.5 








(978.7 


) 
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SECTION 3 


TRAJECTORY ACCURACY 


Trajectory reconstruction is an estimation process with the 
resulting confidence level or accuracy of the trajectory 
dependent upon the following factors: 


a. Quantity of tracking data 

b. Quality of tracking data 

c. Consistency between tracking and guidance velocity data 

d. Continuity between trajectory phases (boost, parking 
orbit, second burn, and translunar orbit) 


These factors vary from flight to flight so that a rigorous 
statistical error analysis of the reconstructed trajectory 
is difficult to obtain. However, the extent to which 
systematic errors can be identified and corrected, plus 
random errors averaged out, determines the accuracy of the 
reconstruction. This section summarizes the results for | 
the AS-511 flight and leads to the position and velocity 
uncertainties for the reconstructed trajectory. In addition, 
the basic analysis methods used in the reconstruction are 
presented in this section. 


Sigal TRAJECTORY RECONSTRUCTION METHODS 


The trajectory reconstruction process takes place in three- 
stages: 


a. Initial data preparation 
b. Main analysis 
c. Output data processing 


The initial data preparation converts the raw tracking and 
guidance velocity data to a form compatible with the 
estimation programs. This includes correction for atmo- 
spheric refraction, conversion of doppler count to range 
rate, and data editing. The main analysis effort consists 
of iteratively developing separate but consistent powered 
and unpowered flight trajectory segments. The techniques 
used for the analysis are discussed below. After the main 
analysis is completed, the separate trajectory segments are 
merged together and transformed to several coordinate 
systems to provide the output trajectory listings and tapes. 
. Included in this output data processing is a rework of the 
first 20 seconds of the ascent phase to better represent 
the early launch portion of the trajectory. 
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Sik: (Continued) 


Also, the transient areas of the powered flight portions of 
the trajectory are reshaped in order to better represent 

the engine start, cutoff, and mixture ratio shift conditions 
aS well as to incorporate the specific event times. 


The main analysis effort is conducted with two separate 
estimation techniques, viz. weighted least squares and 
Kalman recursive estimation methods. These techniques are 
used to iteratively develop the separate powered and 
unpowered flight trajectory segments with the capability to 
incorporate end point constraints as required in order to 
provide trajectory continuity and consistency. 


3.1.1 Weighted Least Squares Estimation 


The weighted-least-squares estimation method is accomplished 
by the Orbit Correction Program (OCP) and is used to fit 
tracking data and determine the unpowered or coasting phases 
of the trajectory. A comprehensive orbital model, including 
perturbing accelerations such as venting, is used to 
simulate the trajectory. Differential corrections are 
applied to obtain, generally, the initial vehicle position 
and velocity plus the constant terms in the polynomials used 
to model the perturbing accelerations. 


3.1.2 Kalman Recursive Estimation 


The Kalman recursive estimation method is accomplished by 
the Guidance and Tracking Evaluation (GATE) program and is 
generally used to determine the powered flight phases of 

the trajectory (boost and second burn phases). Telemetered 
guidance velocity data from on-board the vehicle are used 

as generating parameters in conjunction with a comprehensive 
gravity model to produce a trajectory to fit the available 
tracking data. For coast phases, where the guidance data 
may be incomplete, and where data granularity limits the 
accuracy, a polynomial (like OCP) or a table can be used to 
represent non-gravitational accelerations. The Kalman 
estimation scheme is generally used to solve for coefficients 
of a guidance error model and, when desired, for corrections 
to initial position and velocity. 


3.483 Estimation of Trajectory Segments 


With both of these programs, the analysis proceeds by 
successive iterations to eliminate poor-quality and 
inconsistent tracking data from the solutions. Other 
estimation controls, such as relative data weights, are 
varied from run to run until an overall best-estimate 


342 


D5-15560-11 


3.1.3 (Continued) 


trajectory is obtained. State vectors from adjacent segments 
can be used in a particular segment and weighted appropriately 
to provide initial or final constraining state vectors. This 
constraint feature permits the development of a continuous 

and consistent trajectory when the segments are later merged. 
The criteria for evaluating a particular solution include 

the magnitudes and shapes of tracking residuals (differences 
between actual tracking and the simulated trajectory), the 
values of the guidance error model coefficients or polynomial 
bias terms, and the consistency between the separately 
estimated trajectory segments. A state vector compari- 

son is used for judging the consistency between the various 
state vectors developed at time points common to two trajec- 
tory segments. Generally, the time points used for this 

state vector consistency judgment are Earth Parking Orbit 
Insertion (EPO), Restart Preparation (somewhere in Timebase 6), 
and Translunar Injection (TLI). 


3.2 TRAJECTORY DATA SOURCES 
3.2.1 Tracking Data-Quantity 


Time periods for which C-band radar and S-band tracking data 
were available for AS-511 reconstruction are illustrated in 
Figure 3-1. The geographic locations of the tracking stations 
are shown on ground track Figures 2-1 and 2-8 and are itemized 
in Table 3-I. Most of the tracking data was used except for 
isolated points or for data segments which were inconsistent 
with adjacent data. 


The C-band tracking data were provided in azimuth angle, 
elevation angle, and slant range measured parameters. These 
measurements are defined in Reference 1 and are designated 
as PACSS3a. The USB tracking data were provided in X-angle, 
Y-angle, range and range rate measured parameters. These, 
also, are defined in Reference 1, and are designated as 
PACSS3c and 3d, for the 30-foot and 85-foot antennas, 
respectively. The Goldstone Wing data had hour angle and 
declination instead of X and Y angles; this system is 
designated PACSS3b, 


As shown in Figure 3-h, adequate data existed in order 

to determine the AS-511 trajectory. In general, tracking 
coverage was redundant except for the second burn phase where 
no tracking was available. 
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3.2.2 Tracking Data - Quality 


Measured parameter comparisons between the tracking data 
and the trajectory phases were calculated in the various 
PACSS3 coordinate systems. The position components of the 
trajectory in PACSS10 were transformed into the measured 
parameters of the PACSS3 system appropriate to each tracker. 
Residual differences or deviations (observed tracking data 
minus calculated tracking data, O-C) were determined for the 
various tracking data sets. These residual differences are 
used for assessing the quality of the tracking data as well 
as determining how well the reconstructed trajectory fits - 
the data. 


The ascent phase measured parameter residuals are shown in 
Figures 3-2 through 3-7. Merritt Island, Patrick, Grand 
Turk, and Bermuda C-band residuals are given in Figures 3-2 
through 3-5. Residuals for the Merritt Island and Bermuda 
S-band trackers are shown in Figures 3-6 and 3-7. 


Measured parameter residuals during the parking orbit phase 
are given in Figures 3-8 through 3-16. First pass Bermuda 
and Carnarvon C-band residuals are shown in Figures 3-8 
through 3-10; Figures 3-11 and 3-12 give residuals for the 
Honeysuckle and Texas S-band trackers. C-band residuals 

for second pass Merritt Island, Bermuda and Carnarvon radars 
are given in Figures 3-13 through 3-16. 


The translunar phase measured parameter residuals are given 
in Figures 3-17 through 3-23. S-band residuals for the 
Hawaii, Texas, Goldstone, Goldstone Wing, and Merritt Island 
trackers are shown in Figures 3-17 through 3-22. Figure 
3-23 shows the Merritt Island C-band radar residuals. 


It is to be noted that the above measured parameter residuals 
for all phases of the flight depict the consistent data sets 
which were used in the reconstruction of the various 
trajectory phases. 


3.2.3 Guidance Velocity Data 


Guidance velocity data throughout the separate trajectory 
phases were received from the ST-124M inertial platform. 

The velocity data during the powered phases (ascent and 
second burn) were used directly by the GATE program as non- 
gravitational generating parameters. Velocity data during 
the orbit phases (parking and translunar) were fitted with 
polynomials and used by the OCP and GATE programs to provide 
non-gravitational effects (see Paragraphs 2.2 and 2.4, and 
Figures 2-9 and 2-13). 
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343 CONSISTENCY BETWEEN TRACKING AND GUIDANCE VELOCITY 
DATA 


The consistency between tracking and guidance velocity data 
can be obtained by examining guidance velocity error plots 
during powered flight trajectory segments. These error plots 
give the differences between the guidance velocities from 

the ST-124M platform and those derived from the reconstructed 
trajectory which fit the tracking data. 


The guidance velocity error plots for the ascent phase had 
reasonable shapes and magnitudes. The maximum error 
amounted to 0.4 m/s (1.3 ft/s) in the vertical direction, 
2.2 m/s (7.2 ft/s) in the crossrange direction, and 0.5 m/s 
(1.6 ft/s) in the downrange direction, referenced to the 
launch vehicle platform accelerometer coordinate system 
(PACSS12). 


The guidance velocity error plots for the second burn phase 
also had reasonable shapes and magnitudes particularly in 
view of the exacting constraints of the beginning and the end 
of the second burn phase to the end of the parking orbit and 
the beginning of the translunar orbit phases, respectively. 
The maximum error amounted to 0.7 m/s (2.3 ft/s) in the 
vertical direction, 3.1 m/s (10.2 ft/s) in the crossrange 
direction, and 2.9 m/s (9.5 ft/s) in the downrange direction, 
referenced to PACSS12. 


344 CONTINUITY BETWEEN TRAJECTORY PHASES 


The continuity between independently estimated trajectory 
segments is used as one of the indicators of the trajectory 
accuracy. A measure of the continuity between two adjacent 
trajectory segments is obtained by differencing the state 
vectors at a time point common to both segments. As noted 
in Paragraph 3.1.3, the time points normally used for conti- 
nuity judgments are parking orbit insertion, a point some- 
where during S-IVB restart preparation after TB6, and trans- 
lunar injection. Comparisons at these time points were made 
for the AS-511 analysis and are described below. Following 
these comparisons, the separate trajectory segments were 
merged together, in the manner also described below, to 
provide the complete trajectory from GRR to CSM separation. 


Comparisons of the state vectors at parking orbit insertion 
obtained independently by the powered flight and parking 
orbit analyses yielded excellent agreement. The position 
and velocity components of the two best-estimate solutions 
had a spread of 52 m (171 ft) and 0.1 m/s (0.3 ft/s) in the 
vertical direction, 60 m (197 ft) and 0.0 m/s (0.0 ft/s) in 
the cross range direction, and 14 m (46 ft) and 0.2 m/s 
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3.4 (Continued) 


(0.7 ft/s) in the downrange direction, referenced to the 
earth-fixed launch site coordinate system (PACSS10). Since 
these differences are very small and since the confidence 
for the boost trajectory segment is greater at EPO than the 
parking orbit segment (because the boost fit had available 
more data near EPO), the EPO point quoted in this document 
is taken from the boost trajectory segment. The parking 
orbit segment, however, is generated from the state vector 
which was obtained by the composite fit of the available 
parking orbit tracking data. 


Since no tracking data were available during the second burn 
period but the Carnarvon second pass tracking data were 
available during S-IVB restart preparation, a comparison was 
made between state vectors taken from the end of the parking 
orbit phase (which used the Carnarvon data in the solution) 
and a restart trajectory segment determined from a fit of the 
Carnarvon second pass tracking data alone. The position and 
velocity components of the solutions had a spread of 337 m 
(1,106 ft) and 0.7 m/s (2.3 ft/sec) in the vertical direction, 
248 m (814 ft) and 0.7 m/s (2.3 ft/s) in the cross range 
direction, and 32 m (105 ft) and 0.1 m/s (0.3 ft/s) in the 
downrange direction, referenced to the PACSS10 system. Since 
these solutions agree well and since the confidence in the 
parking orbit trajectory segment is greater (because the 
composite solution uses several trackers) than the single 
tracking station restart solution, a parking orbit state 
vector at 9,150.0 seconds range time was used to initialize 
the second burn trajectory segment. 


The second burn trajectory segment was developed by using the 
ST-124 guidance data as generating parameters and integrating 
from the parking orbit state vector at 9,150.0 seconds to the 
translunar orbit state vector at translunar injection. State 
vector differences at TLI (presented below) between the 
constrained integration and an unconstrained second burn 
integration are compatible with possible guidance errors. 

It should be pointed out that no tracking data were available 
to establish the post-TLI trajectory until 314 seconds after 
TLI. This increases the uncertainties in the TLI vector, and 
constraining the solution to fit this TLI state vector will 
cause the guidance errors to reflect these uncertainties. 

The position and velocity components of the two second burn 
integrations had a spread at TLI of 442 m (1,450 ft) and 2.6 
m/s (8.5 ft/s) in the vertical direction, 695 m (2,280 ft) 
and 3.4 m/s (11.2 ft/s) in the cross range direction, and 

61 m (200 ft) and 0.9 m/s (3.0 ft/s) in the downrange 
direction, referenced to the PACSS10 system. The second 

burn guidance velocity errors resulting from constraining to 
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3.4 (Continued) 


the injection vector had, as noted in Paragraph 3.3, 
reasonable shapes and magnitudes. 


Several injection vectors were obtained by solving for 
different translunar trajectory segments using various 
tracking data combinations. The position and velocity 
components from a set of these solutions had a spread at 
TLI of 459 m (1,506 ft) and 0.1 m/s (0.3 ft/s) in the 
vertical direction, 796 m (2,612 ft) and 0.5 m/s (1.6 ft/s) 
in the cross range direction and 526 m (1,726 ft) and 0.4 
m/s (1.3 ft/s) in the downrange direction, referenced to 
the PACSS10 system. 


As an additional validity check on the translunar phase, 
the CSM separation state vector was propogated forward to 
lunar impact with the various S-IVB velocity increments 
modeled. The resultant lunar impact point is in excellent 
agreement with AS-511 lunar impact points quoted in 
Reference 2. 


As noted above, the TLI state vector from the translunar 
segment was used for the end of the second burn segment. 

The continuity thus provided at TLI plus the continuity 

at restart, discussed above, provides a completely contin- 
uous trajectory from the start of the parking orbit segment 
to the end of the translunar orbit segment at CSM separation. 


3.5 TRAJECTORY UNCERTAINTIES 


As an aid in estimating the trajectory accuracy, some of the 
tracking data throughout the various trajectory phases were 
transformed into the earth-fixed launch site coordinate 
system (PACSS10) position components and differenced with 
the reconstructed trajectory. The resulting residuals or 
deviations provide a direct indication of the spread of the 
tracking data about the trajectory. 


The position deviations during the ascent phase are shown for 
the C-band trackers in Figures 3-24 through 3-27. Deviations 
for parking orbit are shown in Figures 3-28 through 3-32, for 
Carnarvon C-band (first pass), Honeysuckle S-band, Texas 
S-band, Bermuda C-band, and Carnarvon C-band (second pass) 
trackers, respectively. Translunar deviations for the Hawaii 
and Goldstone S-band trackers are given in Figures 3-33 and 
3-34, respectively. 


Based upon the information of the above paragraphs and 

a priori knowledge, the trajectory uncertainties were conser- 
vatively estimated. The uncertainties for the ascent phase 
are shown in Figure 3-35. At S-IC OECO, the uncertainties 
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3.5 (Continued) 


in position and velocity components in PACSS10 are +70 m 
(+230 ft) and +0.4 m/s (+1.3 ft/s), respectively. ‘At S-II 
OECO, the uncertainties in position and velocity components 
in PACSS10 are +360 m (41,181 ft) and +0.7 m/s (2.3 ft/s), 
respectively. At insertion and throughout the parking orbit, 
the uncertainties in position and velocity components in 
PACSS10 are +500 m (41,640 ft) and +1.0 m/s (3.3 ft/s), 
respectively. The trajectory uncertainties increased to 
£1,500 m (44,921 ft) in position components and +1.5 m/s 

(4.9 ft/s) in velocity components at TLI and throughout the 
post-TLI trajectory. The total radius and velocity magnitude 
uncertainties throughout the parking orbit phase are 
estimated at +300 m (+984 ft) and +0.5 m/s (41.6 ft/s). 
Similarly, the total radius and velocity magnitude uncertain- 
ties throughout the translunar orbit phase are estimated at 
+1,000 m (+3,281 ft) and +1.0 m/s (+3.3 ft/s). 
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FIGURE 3-2. MERRITT ISLAND C-BAND RADAR TRACKING DEVIATIONS - 
ASCENT PHASE - (MLA) 
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FIGURE 3-3. PATRICK AFB C-BAND RADAR TRACKING DEVIATIONS - 
ASCENT PHASE - (PAT) 
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FIGURE 3-4. GRAND TURK ISLAND C-BAND RADAR TRACKING DEVIATIONS - 
ASCENT PHASE (GTK) 
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FIGURE 3-5. BERMUDA C-BAND RADAR TRACKING DEVIATIONS - 
ASCENT PHASE (BDQ) 
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FIGURE 3-6. MERRITT ISLAND S-BAND TRACKING DEVIATIONS - 
ASCENT PHASE (MIL) 
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FIGURE 3-7. BERMUDA S-BAND TRACKING DEVIATIONS 
- ASCENT PHASE (BDS) 
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FIGURE 3-8. BERMUDA C-BAND RADAR TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 1 (BDQ) 
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FIGURE 3-9. BERMUDA C-BAND RADAR TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 1 (BDA) 
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FIGURE 3-10. CARNARVON C-BAND RADAR TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 1 (CRO) 
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FIGURE 3-11. HONEYSUCKLE S-BAND TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 1 (HSK) 
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FIGURE 3-13. MERRITT ISLAND C-BAND RADAR TRACKING DEVIATIONS - 
PARKING ORBIT PHASE-REV. 1/2 (MLA) 


D5-15560-11 







0.06 
WV 
_ 
<= 
>_> 
Be 0,02 
wm 
wis 
Pots 
Ea 
=! -0.02 
N 
<< 
-0.06 
5900 5950 6000 6050 6100 6150 6200 6250 6300 
RANGE TIME-SECONDS 
0.06 
nm 
-Jt 
<< 
=— 
= 9,02 
ae 
Sw 
[a 
of 
Q 
Z' -0.02 
> 
tal 
_! 
lu 
-0.06 
5900 5950 6000 6050 6100 6150 6200 6250 6300 
RANGE TIME-SECONDS 
150 
wy 
—_ 
< 
a, 50 
me 
i 
lJ 
a = 
4 -50 
c- @ 
mz 


-150 : 
5900 5950 6000 6050 6100 6150 6200 6250 6300 


RANGE TIME-SECONDS 






FIGURE 3-14. BERMUDA C-BAND RADAR TRACKING DEVIATIONS ~- PARKING 
ORBIT PHASE-REV. 1/2 (BDQ) 
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FIGURE 3-15. BERMUDA C-BAND RADAR TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 1/2 (BDA) 
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FIGURE 3-16. CARNARVON C-BAND RADAR TRACKING DEVIATIONS - PARKING 
ORBIT PHASE-REV. 2 (CRO) 
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FIGURE 3-17. HAWAII TRACKING DEVIATIONS - TRANSLUNAR ORBIT 
PHASE (HWI) | 
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FIGURE 3-18. TEXAS TRACKING DEVIATIONS - TRANSLUNAR 
ORBIT PHASE (TEX) 
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FIGURE 3-19. GOLDSTONE TRACKING DEVIATIONS - TRANSLUNAR 
ORBIT PHAdE (GDS) 
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FIGURE 3-20. GOLDSTONE WINGSITE. HOUR ANGLE AND DECLINATION 
DEVIATIONS - TRANSLUNAR ORBIT PHASE (PIR) 
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FIGURE 3-21. GOLDSTONE WINGSITE RANGE RATE AND RANGE DEVIATIONS 
- TRANSLUNAR ORBIT PHASE (PIR) 
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FIGURE 3-22. MERRITT ISLAND S-BAND TRACKING DEVIATIONS - 
TRANSLUNAR ORBIT PHASE - (MIL) 
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FIGURE 3-23. MERRITT ISLAND C-BAND RADAR TRACKING DEVIATIONS - 
TRANSLUNAR ORBIT PHASE - (MLA) 
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FIGURE 3-24. PACSS10 POSITION DEVIATIONS - ASCENT PHASE (MLA). 


D5-15560-11 











nn 
od 
x 
— 
= 
nn. 
#2 
ad 
st 
—F 
a 
Qo 
a. 
>< 
WY 
| 
<x 
> 
Qa 
a 
oy 
Of a eae 
ze PAL Wy | 
Ow 
of es i, ‘eo 
a -500 
Oo 
a 
-1500 
0 200 400 600 ‘800 
RANGE TIME-SECONDS 
1500 
a) 
<< 
= 
Qa 
cw thu 
zr | weatand ad whi Mi ) | 
im -500 
to) 
a. 
™ 


RANGE TIME-SECONDS 


FIGURE 3-25. PACSS10 POSITION DEVIATIONS - ASCENT PHASE (PAT) . 
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FIGURE 3-26. PACSS10 POSITION DEVIATIONS - ASCENT PHASE (GTK) 


D5-15560-11 


X POSITION RESIDUALS 
-METERS 





0 200 400 600 800 . 


Y POSITION RESIDUALS 
METERS 





0 200 400 600 800 
RANGE TIME-SECONDS 


1500 
ia) 
pas] 
c= 
~ 
[=) 
a 500 
Lo oa 
tu 
ze 
Ou 
m= 
| an) 
+ -500 
oOo 
a. 
MN 
-1500 
0 200 400 600 800 


RANGE TIME~SECONDS 


FIGURE 3-27. PACSS10 POSITION DEVIATIONS - ASCENT PHASE (BDQ) 
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FIGURE 3-28. PACSS10 POSITION DEVIATIONS - PARKING ORBIT 
PHASE - REV. 1 (CRO) 
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FIGURE 3-29. PACSS10 POSITION DEVIATIONS ~- PARKING ORBIT 


PHASE (HSK) 
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FIGURE 3-30. PACSS10 POSITION DEVIATIONS - PARKING ORBIT 
PHASE (TEX) 
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FIGURE 3-31. PACSS10 POSITION DEVIATIONS - PARKING ORBIT 
PHASE (BDQ) 
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FIGURE 3-32. PACSS10 POSITION DEVIATIONS - PARKING ORBIT 
PHASE -'REV. 2 (CRO) 
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FIGURE 3-33, PASCS10 POSITION DEVIATIONS - TRANSLUNAR ORBIT 
PHASE (HWT) 
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FIGURE 3-34. PACSS10 POSITION DEVIATIONS - TRANSLUNAR ORBIT 
PHASE (GDS) 
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APPENDIX A 


DEFINITIONS OF TRAJECTORY SYMBOLS AND COORDINATE SYSTEMS 


SYMBOL 


XE, YE, ZE 
DXE, DYE, DZE 
DDXE, DDYE, DDZE 


XS, YS, ZS 
DXS, DYS, DZS 
DDXS, DDYS, DDZS 


GC DIST 
GC LAT 

GD LAT 

LONG 


DEFINITION 


Position, velocity, and acceleration 
components of vehicle Instrument Unit 
in Earth-Fixed Launch Site Coordinate 
System. The origin of this system is 
at the intersection of Fischer Ellip- 
soid (1960) and the normal to it which 
passes through the launch site. The 
X-axis coincides with the ellipsoid 
normal passing through the site, 
positive upward. The Z-axis is 
parallel to the earth-fixed flight 
azimuth, defined at guidance reference 
release time, and is positive downrange, 
The Y-axis completes a right-handed 
system. This coordinate system is 
identical to Standard Coordinate System 
10 of Project Apollo Coordinate System 
Standards, abbreviated as PACSS10. 


Position, velocity, and acceleration 
components of vehicle Instrument Unit 

in Launch Vehicle Navigation Coordinate 
System. The origin of this system is 

at the center of the earth. The X-axis 
is parallel to Fischer Ellipsoid normal 
through the launch site, positive upward. 
The Z-axis is parallel to the flight 
azimuth, positive downrange. The Y-axis 
completes a right-handed system. The 
direction of the coordinate axes remains 
fixed in space at guidance reference 
release. This coordinate system is 
identical to Standard Coordinate System 
13 of Project Apollo Coordinate System 
Standards, abbreviated as PACSS13. 


Position components of vehicle Instrument 
Unit in Geographic Polar Coordinate 
System. Position in this system is 
defined by the geocentric distance (GC 
DIST), geocentric latitude (GC LAT), 
geodetic latitude (GD LAT), and longitude 
(LONG). Geocentric distance is the 
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APPENDIX A (Continued) 


EF VEL 
VEL~AZ 
VEL-EL 


SF VEL 
FLT-PATH 
HEAD 


distance from the geocenter to vehicle 
Instrument Unit. Geocentric latitude 

is the angle between the radius vector 
of the subvehicle point and the 
equatorial plane, positive north of the 
equatorial plane. Geodetic latitude is 
the angle between the normal to the 
Fischer Ellipsoid through the subvehicle 
point and the equatorial plane, positive 
north of the equatorial plane. lLongi- 
tude is the angle between the projection 
of the radius vector into the equatorial 
plane and the Greenwich meridian, 
positive east of the Greenwich meridian. 
This coordinate system is identical to 
Standard Coordinate System 1 of Project 
Apollo Coordinate System Standards, 
abbreviated as PACSS1. 


Earth-fixed velocity of vehicle Instrument 
Unit in Geographic Polar Coordinate System. 
Velocity in this system is given in terms 
of azimuth (VEL-AZ), elevation (VEL-EL) , 
and magnitude of the velocity vector 

(EF VEL). Azimuth is the angle between 
the projection of the velocity vector into 
the local horizontal plane and the north 
direction in this plane, positive east of 
north. Elevation is the angle between the 
velocity vector and the local horizontal 
plane, positive above the horizontal plane. 
This coordinate system is identical to 
Standard Coordinate System 1 of Project 
Apollo Coordinate System Standards, 
abbreviated as PACSS1. 


Space-fixed velocity of vehicle Instrument 
Unit in Geographic Polar Coordinate System. 
Velocity in this system is given in terms 
of heading angle (HEAD), flight path angle 
(FLT-PATH), and magnitude of velocity 
vector (SF VEL). Heading angle is the 
angle between the projection of the 
velocity vector into the local horizontal 
plane and the north direction in this 
plane, positive east of north. Flight 
path angle is the angle between the 
velocity vector and the local horizontal 
plane, positive above the horizontal 


A-2 
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APPENDIX A (Continued) 


ALTITUDE 


RANGE 


TIME 


plane. This coordinate system is 
identical to Standard Coordinate System 
1 of Project Apollo Coordinate System 
Standards, abbreviated at PACSSI1. 


Perpendicular distance from vehicle 
Instrument Unit to Fischer Ellipsoid, 
positive above Fischer Ellipsoid. 


Surface range, measured along Fischer 
Ellipsoid from the launch site to the. 
subvehicle point. 


Range time, referenced to nearest integer 
second before IU umbilical disconnect. 
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APPENDIX B 


TIME HISTORY OF TRAJECTORY PARAMETERS - METRIC UNITS 


The postflight trajectory, from guidance reference release 
to CSM separation, is tabulated in metric units in Tables 
B-I through B-VII. 


Table B-I gives the earth-fixed launch site position, 
velocity, and acceleration components for the ascent phase 
of flight. 


Table B-II gives the launch vehicle navigation position, 
velocity, and acceleration components for the ascent phase 
of flight. 


Table B-III gives the geographic polar coordinates for the 
ascent phase of flight. 


Table B-IV gives the geographic polar coordinates for the 
parking orbit phase of flight. 


Table B-V gives the earth-fixed launch site position, 
velocity, and acceleration components for the second burn 
and translunar phases of flight. 


Table B-VI gives the launch vehicle navigation position, 
velocity, and acceleration components for the second burn 
and translunar phases of flight. 


Table B-VII gives the geographic polar coordinates for the 
second burn and translunar phases of flight. 
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APPENDIX C 


TIME HISTORY OF TRAJECTORY PARAMETERS - ENGLISH UNITS 


The postflight trajectory, from guidance reference release 
to CSM separation, is tabulated in English units in Table 
C-I through C-VII. 


Table C-I gives the earth-fixed launch site position, 
velocity, and acceleration components for the ascent phase 
of flight. 


Table C-II gives the launch vehicle navigation position, 
velocity, and acceleration components for the ascent phase 
of flight. 


Table C-III gives the geographic polar coordinates for the 
ascent phase of flight. 


Table C-IV gives the geographic polar coordinates for the 
parking orbit phase of flight. 


Table C-V gives the earth-fixed launch site position, 
velocity, and acceleration components for the second burn 
and translunar phases of flight. 


Table C-VI gives the launch vehicle navigation position, 
velocity, and acceleration components for the second burn 
and translunar phases of flight. 


Table C-VII gives the geographic polar coordinates for the 
second burn and translunar phases of flight. 
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